SUMMARY ANSWER: Resveratrol prevented the LPS-induced onset of preterm labor in 64% of the cases and showed anti-inflammatory and tocolytic effects by downregulating COX-2 and iNOS expression and NOS activity, and by changing the uterine prostaglandin and endocannabinoid profiling.
Introduction
Premature birth, before 37 completed weeks of gestation, is the leading cause of mortality and morbidity in neonates and infants. Around 1 million children die annually due to complications of preterm birth (Menon, 2012) , and despite the advances in prenatal care, the rate of prematurity has not decreased over the past decade (Goldenberg et al., 2008) . Even though preterm birth is considered a complex syndrome,~30% of all premature deliveries are associated with an underlying infection (Romero et al., 2006; Park et al., 2009) . In order to study the pathological process involved in the prematurity elicited by infection, we developed a murine model of preterm labor by exposing 15-day pregnant mice to bacterial endotoxin (Cella et al., 2010; Domínguez Rubio et al., 2014; Bariani et al., 2015) . Lipopolysaccharide (LPS) stimulates a maternal inflammatory response with cytokine and chemokine production and leukocyte infiltration of uterine, placental and fetal tissues, with the subsequent release of prostaglandins, endocannabinoids, nitrogen and oxygen reactive species and metalloproteinases (Romero et al., 2006) . Prostaglandins, nitric oxide (NO) and TNFα have been associated with triggering preterm labor in both animal models (Cella et al., 2010; Burdet et al., 2013; Domínguez Rubio et al., 2014) and humans (Törnblom et al., 2005) .
The endocannabinoid system (eCS) is composed of the cannabinoid receptors CB1 and CB2, their endogenous ligands of lipid nature (named endocannabinoids; eCBs), and enzymes regulating synthesis and degradation of these lipids. Since the uterus contains large amounts of the eCB anandamide (N-arachidonoyl ethanolamine; AEA) (Schmid et al., 1997) , and blood levels of AEA increase during normal labor (Habayeb et al., 2004; Nallendran et al., 2010) , it has been suggested that the eCS plays an important role in reproductive events (Habayeb et al., 2004; Bariani et al., 2015) . Preterm labor is a complex syndrome with a difficult clinical management. Even though β 2 -adrenergic receptor agonists are considered the standard tocolytic treatment worldwide (Simhan and Caritis, 2007) , they are not devoid of potentially harmful side effects (Croen et al., 2011; Gidaya et al., 2016) . Therefore, the search for newer and safer tocolytic agents is needed. Resveratrol (3,5,4′-trihydroxy-trans-stilbene) is a naturally occurring polyphenol (Frémont, 2000) that has been shown to exert beneficial effects by targeting some of the pathophysiological mechanisms triggered during preterm labor (Furuya et al., 2015; Deng et al., 2016) and other complications of pregnancy (Bourque et al., 2012; Poudel et al., 2013) . It has been shown that resveratrol activates sirtuin-1 (SIRT-1), a NAD + -dependent protein deacetylase (Lagouge et al., 2006) , which is widely expressed in reproductive tissues (Lappas et al., 2011) . Activation of SIRT-1 has been shown to exert anti-inflammatory effects by downregulating pro-inflammatory cytokines (Shen et al., 2009; Lappas et al., 2011) , nitric oxide (NO) production and inducible NO synthase (iNOS) expression (Lee et al., 2009) , modulating NFκB transcriptional activity (Bagul et al., 2015) and maintaining fetal vascular homeostasis by inhibiting accelerated senescence of cord blood endothelial progenitor cells (Vassallo et al., 2014) .
The aim of the present study was to investigate the protective effects of resveratrol on the pregnancy outcome in our model of systemic LPS-induced preterm labor. We also focused on the effects of resveratrol on pro-inflammatory parameters as well as prostaglandin and endocannabinoid production in the uterus of LPS-treated mice.
Materials and Methods

Reagents
LPS from Escherichia coli 05:B55 and resveratrol were purchased from Sigma Chemical Co. (St Louis, MI, USA). The anti-COX-1, anti-COX-2, anti-iNOS and anti-α-Tubulin antibodies were purchased from Abcam (Cambridge, UK). Secondary horse radish peroxidase (HRP) conjugated antibodies were purchased from Jackson Immunosearch (Baltimor Pike, USA). Western blotting reagents and nitrocellulose membranes (TransBlot, 0.45 μm) were from Bio-Rad Inc. (Hercules, CA, USA) and molecular weight marker was purchased by GE Healthcare Bio-Science Corp. (Piscataway, NJ, USA). Trizol reagent, RNAse-free DNAse I, Moloney Murine Leukemia virus reverse transcriptase (M-MLVRT) and random primers were purchased from Invitrogen (Life Technologies, Argentina). GoTaq DNA Polymerase was purchased from Promega (Biodynamics, Argentina). All other chemicals were analytical grade.
Animals
Female BALB/c mice from our own colony were housed in a standard animal room with food and water ad libitum, in controlled conditions of humidity, temperature (21 ± 2°C) and luminosity (200 lux), under a 12 h light/dark lighting schedule (lights on at 7:00 h). For mating, a single male mouse was mated with two nulliparous females of the same strain. Time of pregnancy was determined by visual inspection of the vaginal plug, which was defined as Day 0 of pregnancy. The experimental procedures reported here were approved by the Animal Care Committee of the Center for Pharmacological and Botanical Studies, National Research Council, and by the Institutional Committee for the Care and Use of Laboratory Animals (CICUAL) from the School of Medicine, University of Buenos Aires (No. 1163 , and were carried out in accordance.
Treatments
As shown in Supplementary Fig. S1 , mice were randomly allocated into four experimental groups (Control, Resveratrol, LPS, or LPS + Resveratrol). On Day 15 of pregnancy, mice received at 8:00 h a dose of vehicle (40% ethanol in saline solution) or resveratrol (3 mg/kg in vehicle) via oral gavage followed by two doses of LPS or vehicle administered intraperitoneally (i.p.), the first one at 10:00 h (0.17 mg/kg in 0.1 ml of sterile saline solution) and the second at 13:00 h (0.5 mg/kg in 0.1 ml of sterile saline solution). The mice were closely observed for any signs of morbidity (piloerection, decreased movement and diarrhea), vaginal bleeding or preterm delivery. The beginning of preterm delivery was defined by early delivery of the first pup. Normal term labor occurs on Day 19 of gestation.
A second set of mice were euthanized by cervical dislocation on Day 15 of pregnancy, 5 h after the second injection of vehicle or LPS. Fetuses were immediately removed, and the underlying uterine tissue was collected and stored at −80°C until further use.
RT-PCR
Uterine tissues were homogenized in a glass homogenizer on ice in 1 ml of TRIzol reagent and total RNA was isolated according to the manufacturer's recommendations (Invitrogen). Following extraction, 8 μg of RNA were treated with RNAse-free DNAse I to digest contaminating genomic DNA. Total mRNA was synthesized to cDNA using MMLV-RT, random primers and RNAse inhibitors. PCR was performed with 4 μg of cDNA and specific primers designed using the Primer3 Software package and checked for self-complementarity with OligoCalc Software package. The sequences of primers used in this experiment were as follows: Cyclooxygenase-2 (Cox-2) forward, 5′-TCCTCCTGGAACATGGACTC-3′; Cox-2 reverse, 5′-CCCCAAAGATAGCAT CTGGA-3′; NAD+-dependent 15-hydroxyprostaglandin dehydrogenase (15-Pgdh) forward, 5′-CACCTCC GTTTTGCTTACTCA-3′; 15-Pgdh reverse, 5′-GTTCGTCCAGTGTGAT GTGG-3′; β-actin forward: 5′-TGTTACCAACTG GGACGACA-3′; β-actin reverse: 5′-TCTCAGCTGTGGTGGTGAAG-3′. PCR cycle parameters were as follows: for Cox-2 and β-actin, 30 cycles of 94°C 40 s, 57°C 30 s, 72°C 1 min; for 15-Pgdh, 30 cycles of 94°C 40 s, 59°C 30 s, 72°C 1 min.
PCR products were loaded into a 2% agarose gel and bands were visualized on a transilluminator after ethidium bromide staining. Images were taken using a digital camera Olympus C-5060 and analyzed using the Image J software package (open source, NIH). The relative mRNA level was normalized to β-actin and results were expressed as relative optical density (Cox-2/β-actin; 15-Pgdh/β-actin).
Determination of NOS activity
The underlying uterine tissue from each implantation site were collected and immediately frozen at -80°C until NOS activity determination. A modification of the method of Bredt and Snyder (Bredt and Snyder, 1989) 
Western blot analysis
A group of mice was euthanized on Day 15 of pregnancy 5 h after the second injection of vehicle or LPS. The uteri were immediately removed and homogenized (Ultra Turrax, T25 basic, IKA Labortechnik, Staufen, Germany) in lysis buffer (10 mM Hepes, 5 mM MgCl2, 142.5 mM KCl, 0.1% SDS, 1% Nonidet-40, 5 mM EDTA, 0.5% sodium deoxycholate in PBS) with a freshly added protease inhibitor cocktail (10 μg/ml leupeptin, 2 μg/ml aprotinin, 100 μg/ml soybean-trypsin inhibitor, 1 mmol/l EDTA, 1 mg/ml benzamidine, 10 μg/ml DTT and 1 mg/ml caproic acid). Tissues were sonicated (Ultrasonic Cell Disrupter, Microson, Heat systems, Inc. New York, NY, USA) for 30 s, centrifuged at 1500 g for 10 min and protein concentration was determined. Samples containing 30 μg of protein were loaded in each lane. Samples were separated by electrophoresis in 7.5-12% SDS-PAGE gel and transferred to a 0.45 μm nitrocellulose membrane. Membranes were blocked with 5% w/v dried non-fat milk and then incubated with the primary antibodies. Membranes were washed with PBS-T (10 mM Tris, 100 mM NaCl and 0.1% Tween 20, pH 7.5) followed by 1 h incubation with HRP-conjugated secondary antibody (1:5000) and developed using the ECL system. Images of immunoreactive bands were acquired using the ImageQuant blot documentation instrument (GE Healthcare Life Sciences, Pittsburgh, PA, USA) and analyzed using the Image J Software Package (developed at the National Institutes of Health).
Relative protein levels were normalized to α-Tubulin and results were expressed as relative optical density (iNOS/α-Tubulin, COX-1/α-Tubulin, COX-2/α-Tubulin).
Mass spectrometric analysis of lipids in fractions
For lipid analysis, uterine explants were obtained from each BALB/c pregnant mice, flash frozen and stored at −80°C until used for extraction. For extraction preparation, explants were weighed and placed in 2 ml of HPLC-grade methanol.
[ 2 H 8 ]-NAGly (500 pmol) was added to each sample as an internal measure of extraction efficiency. Samples were centrifuged and the supernatant was decanted and diluted with HPLC-grade water to make a 75% aqueous solution. Lipids were extracted as previously described (Bradshaw et al., 2006; Wolfson et al., 2015) . Briefly, 500 mg C8 Bond Elut solid phase extraction columns (Agilent) were conditioned with 5 ml HPLC-grade methanol, followed by 2.5 ml HPLC water. The 75% aqueous solutions containing the fractions were loaded onto separate columns, which were then washed with 2.5 ml water. Four sequential elutions (1.5 ml each of 60, 75, 85 and 100% methanol) were collected for mass spectrometric analysis. As described previously (Bradshaw et al., 2006) , sample analysis of lipids was carried out as follows. A 20 μL aliquot of each of the eluates was loaded using a Shimadzu SCL10Avp (Wilmington, DE, USA) autosampler onto a reversed phase Zorbax 2.1 × 50 mm 2 C18 column maintained at 40°C. HPLC gradient formation at a flow rate of 200 ml/min was achieved by a system comprised of a Shimadzu controller and two Shimadzu LC10ADvp pumps. Lipid levels in the samples were analyzed in multiple reaction monitoring (MRM) mode on an API3000 (Applied Biosystems/MDS SCIEX, Foster City, CA, USA) triple quadrupole mass spectrometer with electrospray ionization. Methods for lipid analysis were created and optimized by flow injection of lipid standards. All calculations for quantitation experiments were based on calibration curves using synthetic standards as previously described (Bradshaw et al., 2006) .
Data analysis and statistical procedures
Data were analyzed by means of one-way ANOVA procedures in a completely randomized design. Comparisons were made with the Tukey's post hoc test. Results were considered significant at P < 0.05. The assumptions of normality and homogeneity of variance were studied analytically by Shapiro-Wilks test and the Levene test, respectively. All statistical analyses were performed using the statistical program InfoStat (FCA, Universidad de Córdoba, Córdoba, Argentina).
Results
To study the effects of an oral administration of resveratrol on LPSinduced preterm labor, preterm delivery was induced in 15-day pregnant BALB/c mice with two consecutive i.p. injections of the endotoxin. Exposure to LPS-induced preterm delivery in 85% of mice, whilst cotreatment with resveratrol, which did not modify pregnancy length per se, prevented the endotoxin-induced preterm delivery in 64% of the cases (Fig. 1A) . Next, we assessed the stillbirth and pup mortality rate in control and treated mice. LPS-treated mice presented a 62% rate of stillbirth whereas the treatment with resveratrol reduced pup mortality to 34% (Fig. 1B) . Macroscopic examination of the vagina showed antepartum hemorrhage in LPS-treated mice, which was absent in mice treated with vehicle, resveratrol alone or LPS+resveratrol (Fig. 1C) . Additionally, 5 h after the second injection of the endotoxin, the uterus from LPStreated mice showed signs of edema, inflammation, loss of intersite definition and fetal death when compared to mice treated with vehicle, resveratrol alone or LPS + resveratrol (Fig. 1D) .
In order to understand the molecular mechanisms involved in the protective effects of resveratrol on preventing LPS-induced preterm labor, NOS activity was assessed 5 h after the last injection of LPS. As shown in Fig. 2A , the treatment with resveratrol prevented the LPSinduced increase in uterine activity of NOS. Moreover, resveratrol also prevented the LPS-induced increase of uterine iNOS protein expression (Fig. 2B) . Similarly, resveratrol reduced the uterine overexpression of cyclooxygenase-2 (COX-2) mRNA (Fig. 3A) and protein ( Fig. 3C) induced by LPS. Interestingly, the 15-hydroxyprostaglandin dehydrogenase (15-Pgdh) mRNA levels and COX-1 protein expression remained unchanged by LPS and/or resveratrol administration.
Since we found that resveratrol was able to modulate the LPSinduced expression of COX-2 and since this enzyme has a central role in the production of eicosanoids, we decided to analyze the uterine content of the main prostaglandins, PGE 2 and PGF 2α as well as 6-keto-PGF 1α , the stable hydrolyzed product of the unstable prostacyclin (also known as prostaglandin I 2 ). We found that the treatment with resveratrol prevented the increase in uterine PGE 2 (Fig. 4A) whereas the effect on PGF 2α (Fig. 4B) was only partial and it had no effects on the uterine content of 6-keto-PGF 1α (Fig. 4C) . Since arachidonic acid the main substrate of COX-2, we decided to study the effects of LPS and/or resveratrol treatment on this polyunsaturated fatty acid. Interestingly, neither LPS nor resveratrol treatment modified the uterine content of arachidonic acid (Fig. 4D) . Next, we analyzed whether the treatment with LPS and/or resveratrol altered the uterine content of endocannabinoids and endocannabinoid-like lipids. LPS administration did not modify the uterine content of 2-arachidonoylglycerol (2-AG) but the treatment with resveratrol reduced alone the content of this endocannabinoid (Fig. 4E) . In the case of anandamide (AEA), the administration of LPS induced an increase in the uterine content of this endocannabinoid, whereas the treatment with resveratrol completely prevented this effect (Fig. 4F) . Furthermore, LPS administration to 15-day pregnant BALB/c mice modified the uterine content of several endocannabinoid-related lipids belonging to the family of N-acyl ethanolamines (NAEs); N-acyl glycines (NAGlys); N-acyl serines (NASers) and 2-acyl-sn-glycerols (Table I) . Additionally, LPS administration induced an increase in the uterine content of linoleic acid (Table SI; Supplementary Table S1 ). The treatment with resveratrol was able to normalize the uterine content of several of these lipids. Both Table I and Supplementary Table S1 show whether the effects of LPS and/or resveratrol were significant or only showed a tendency. Taken collectively, our results show that resveratrol prevented LPS-induced qualitative and quantitative changes in the endocannabinoid and related lipid profiling in the uterus from 15-day pregnant mice.
Discussion
Here we show that resveratrol prevents the systemic LPS-induced preterm labor in an experimental model that mimics the main features of infection-induced preterm delivery in humans (Domínguez Rubio et al., 2014; Bariani et al., 2015) . LPS administration to 15-day pregnant BALB/c mice induced premature parturition in 85% of cases, along with antepartum hemorrhage, fetal toxicity and offspring mortality, whereas the treatment with resveratrol prevented these endotoxinelicited effects in 64% of the cases. Our observations are in agreement with previous reports showing that resveratrol exerted tocolytic effects by suppressing peritoneal macrophage-induced inflammation (Furuya et al., 2015) and preventing spontaneous preterm birth in a genetic model of accelerated decidual senescence .
The beneficial effects of resveratrol in our inflammation-elicited preterm delivery appear to be mediated by a plethora of pathways including reducing uterine NOS activity and uterine iNOS protein expression. Excessive NO production leads to the formation of other reactive nitrogen species (RNS) which are associated with tissue damage and extensive oxidative and nitrative stress (Roberts et al., 2009) . Likewise, Duan et al. (2016) showed that resveratrol downregulated LPS-induced iNOS expression on adrenal glands while Zhang et al. (2014) reported a similar effect in murine lungs. Moreover, Liu et al. (2013) demonstrated that resveratrol protected from retinal damage by downregulating iNOS as well as other pro-inflammatory markers. Interestingly, it has been shown that resveratrol increases both the endothelial and inducible NOS in rat myocardium (Das et al., 2005; Fukuda et al., 2006) , suggesting that the effects of resveratrol on NOS isoenzymes are tissue specific.
Our results show that LPS-induced maternal inflammation is associated with an increased uterine COX-2 expression. COX-2 plays a central role in the spontaneous initiation of labor and cervical ripening by producing large amounts of PGE 2 and PGF 2α . Therefore, the untimely increased expression of COX-2 is associated with the endotoxin-induced pathological initiation of preterm labor. We found that the administration of resveratrol resulted in a downregulation of both uterine COX-2 mRNA and protein expression. Accordingly, Zong et al. (2012) showed that resveratrol inhibited LPS-induced COX-2 expression in murine macrophage RAW 264.7 cell line, whereas Furuya et al. (2015) found that resveratrol administration downregulated COX-2 expression in peritoneal macrophages from LPS-treated pregnant mice. Furthermore, these authors showed that resveratrol prevented the LPS-elicited increased production of TNF-α and IL-1β levels by peritoneal macrophages (Furuya et al., 2015) . This resveratrol-induced suppression of pro-inflammatory cytokines could also explain the lower expression of prostaglandins, since it has been shown that both TNF-α and IL-1β induce PGE 2 and PGF 2α in human choriodeciual tissues (Mitchell et al., 2016) . We found that treatment with resveratrol resulted not only in a lower expression of COX-2 but also in a lower uterine content of PGE 2 and had a limited effect on uterine content of PGF 2α , which could explain the tocolytic effect of the polyphenol. These results are in agreement with those reported by Deng et al. (2016) .
Interestingly, it has been recently shown that resveratrol promoted uterine quiescence in non-pregnant rats by blocking Ca 2+ influx from both receptor-operated Ca 2+ channels and voltage-operated Ca 2+ channels (Hsia et al., 2011) . In addition, Novaković et al. (2015) reported that resveratrol inhibited uterine contractility of human term pregnant myometrium by modulating K + channels. Furthermore, Figure 1 The treatment with LPS-induced preterm labor in 85% of cases, whereas resveratrol prevented LPS-induced preterm delivery in 64% of cases. Control animals or animals treated with resveratrol alone delivered at term in 100% of cases (n = 11) (A) Percentage of stillbirth and pup mortality in control or treated mice. LPS-treated mice presented a stillbirth rate of 62% whereas the treatment with resveratrol reduced pup mortality to 34% (B) Representative photographs of vaginal bleeding in LPS-exposed BALB/c pregnant mice (white arrow). Vaginal bleeding was absent in mice treated with resveratrol (C) Representative photographs of uterus morphology at 5 h after the second injection of vehicle or LPS. Note the less defined intersites in uteri from mice treated with LPS. Resveratrol administration prevented the deleterious effects of LPS on uterus morphology (D). Zhu et al. (2015) showed that resveratrol reduced uterine contractility and COX-2 expression in a murine model of adenomyosis. Cumulative evidence points toward the participation of the eCS in both term and preterm parturition. Thus, it has been shown that levels of AEA increases with the induction of labor in humans (Habayeb et al., 2004; Nallendran et al., 2010) . Conflicting reports regarding the uterotonic or utero-relaxant effects of AEA have been reported. Dennedy et al. (2004) showed that AEA exerted a relaxant effect on explants of human pregnant myometrium, whereas Mitchell et al. (2008) showed that activation of CB1 receptor on explants of human term amnion and choriodecidua led to an enhanced production of PGE 2 , a prostaglandin with a central role in membrane rupture. We 
COX-2
Figure 3 Cox-2 and 15-Pdgh mRNA levels were analyzed in uterine strips collected from treated pregnant BALB/c mice. LPS treatment induced and increased expression of Cox-2 mRNA with no changes in 15-Pgdh mRNA levels. Administration of resveratrol prevented the LPS-induced effects on uterine Cox-2 mRNA levels (A). Densitometry analysis of Cox-2 and 15-Pgdh mRNA levels. Data are shown as mean ± S.E.M. Statistics: A ≠ B, P < 0.05 (n = 6) (B). COX-1 and COX-2 protein levels were analyzed in uterine strips collected from treated pregnant BALB/c mice. LPS treatment induced and increased protein expression of COX-2 with no changes in COX-1 protein levels. Administration of resveratrol prevented the LPSinduced effects on uterine COX-2 protein levels (C). Densitometry analysis of COX-1 and COX-2 western blots (D). Data are shown as mean ± S.E.M. Statistics: A ≠ B, P < 0.05 (n = 6).
have previously reported that CB1 mediated the LPS-elicited increase production of PGF 2α in a model of inflammation-induced preterm labor (Bariani et al., 2015) , suggesting a participation of the eCS in the loss of uterine quiescence induced by the endotoxin (Mackler et al., 2003; Ross et al., 2004; Adams Waldorf et al., 2008; Hutchinson et al., 2014) . Interestingly, Faah −/− mice showed similar gestational lengths when compared to wild type (WT) mice (Sun et al., 2016) . However, when Faah −/− mice were challenged with LPS, they became more susceptible to preterm labor than their WT counterparts (Sun et al., 2016) , suggesting that a sustained endocannabinoid signaling results in a deleterious effect for pregnancy outcome. Accordingly, we found here that LPS altered the uterine content of AEA and related endocannabinoid-like lipids. This observation is in agreement with a previous report from our lab, where we showed that LPS treatment upregulated the uterine expression of NAPE-PLD (Bariani et al., 2015) , suggesting an increased production of endocannabinoids. Moreover, it has been shown that LPS-elicited cytokines affect endocannabinoid production by targeting protein expression and enzymatic activity of FAAH. Thus, Maccarrone et al. (2001) have shown that the anti-inflammatory cytokines IL-4 and IL-10 enhanced FAAH activity, whereas the pro-inflammatory cytokines IL-12 and IFN-γ reduced FAAH activity and protein expression in peripheral lymphocytes. A lower activity of FAAH suggests increased levels of endocannabinoids. Conversely, the treatment with resveratrol restored AEA and other endocannabinoid-like lipids back to control levels. The mechanisms by which resveratrol modulates the uterine content of endocannabinoids and similar lipids are not fully understood. The LPS-elicited increased uterine production of AEA was associated with an increased percentage of preterm labor and the tocolytic effects of resveratrol coincide with a lower uterine content of this endocannabinoid. Overall, these results suggest that the eCS mediates the harmful effects of LPS.
Conversely, the precise role of endocannabinoid-like lipids belonging to the general class of NAEs, NAGlys, NASer and 2-acyl-sn-glycerols on reproductive events remains to be explored. Increased levels of Noleoyl ethanolamine (OEA) have been detected in peripheral blood of women with ectopic pregnancy (Gebeh et al., 2013) and in women undergoing termination of pregnancy with the progesterone antagonist RU486 (Karasu et al., 2014) , suggesting a role for this NAE during pregnancy. It has been reported that neither NAGlys nor NASers show activity at CB1 or CB2 receptors (reviewed by Connor et al., Treatment with resveratrol completely prevented the LPS-induced increased production of PGE 2 , partially prevented the increased production of PGF 2α and had no effect on LPS-induced 6-keto-PGF 1α levels. Data are shown as mean ± S.E.M. Statistics: A ≠ B, P < 0.05 (n = 8-14). LPS treatment to BALB/c pregnant mice had no effects on the uterine levels of arachidonic acid (D) or 2-AG (E). Treatment with resveratrol decreased the uterine basal levels of 2-AG but had no effects on the basal levels of arachidonic acid. Data are shown as mean ± S.E.M. Statistics: A ≠ B, P < 0.05 (n = 8-14). LPS treatment to BALB/c pregnant mice increased the uterine levels of AEA (F). Treatment with resveratrol completely prevented the LPS-induced increased production of AEA. Data are shown as mean ± S.E.M. Statistics: A ≠ B, P < 0.05 (n = 8-14). 
Free fatty acids
Linoleic acid ↓ ↑ ↑ Significant increase P ≤ 0.05. Trending increase 0.05 < P < 0.1. Trending decrease 0.05 < P < 0.1. Significant decrease P ≤ 0.05. No changes. BDL Below detection limits. The administration of resveratrol two hours previous to the first LPS injection, was able to modulate the effects of the endotoxin on OEA and LEA. Regarding N-acyl glycines (NAGlys): LPS administration increased the uterine tissue levels of several NAGlys, such as N-plamitoyl glycine (PGly), N-oleoyl glycine (OGly), N-stearoyl glycine (SGly), N-linoleoyl glycine (LGly) and N-arachidonoyl glycine (AGly). The levels of N-docosahexaenoyl glycine (DGly) remained unchanged. Treatment with resveratrol completely restored the tissue levels of PGly and AGly and showed a tendency to restore the uterine levels of SGly, OGly and LGly. In the case of the N-acyl serines (NASers), LPS administration to 15-day pregnant BALB/c mice induced increased uterine levels of N-palmitoyl serine (PSer) and N-stearoyl serine (SSer), with no changes in N-oleoyl serine (OSer), N-linoleoyl serine (LSer) and N-arachidonoyl serine (ASer). Treatment with resveratrol completely restored the uterine levels of PSer and showed a tendency to restore the levels of SSer. In the case of OSer, the administration of both LPS and resveratrol decreased the levels of this NASer below basal levels. Similarly, the administration of resveratrol reduced the uterine basal levels of N-arachidonoyl taurine, with LPS having no effects on its levels. Regarding 2-acyl-sn-glycerols, LPS administration to 15-day pregnant BALB/c mice induced an increase in the uterine levels of 2-palmitoyl glycerol (2-PG), 2-oleyl-sn-glycerol (2-OG) and 2-linoleyl-sn-glicerol (2-LG). Treatment with resveratrol only was able to restore 2-PG to uterine basal level. Similarly, treatment with LPS increased the uterine tissue levels of linoleic acid and resveratrol was able to fully prevent the effects of the endotoxin (n = 8-14). 2010). NASers have been shown to modulate calcium-activated potassium channels (Godlewski et al., 2009) and of N-type calcium channels (Guo et al., 2008) . Interestingly, it has been reported that NAGlys can be metabolized by COX-2 (Prusakiewicz et al., 2002) and FAAH (Grazia Cascio et al., 2004; Bradshaw et al., 2009) , although with a lower catalytic efficiency, suggesting that these compounds may act as endogenous inhibitors of these enzymes. More recently, McHugh et al. (2012) have shown that N-arachidonoyl glycine binds to GPR18 and induces migration of the human endometrial cell line HEC-1B. Nevertheless, there is a lack of data on the roles of lipids such as N-plamitoyl glycine, N-oleoyl glycine, N-stearoyl glycine, N-linoleoyl glycine, N-palmitoyl serine, N-stearoyl serine, 2-palmitoyl glycerol, 2-oleyl-sn-glycerol and 2-linoleyl-sn-glicerol during reproductive events. Similarly, the role of polyunsaturated fatty acids during pregnancy still is poorly understood. Linoleic acid belongs to the omega-6 family of polyunsaturated fatty acids. Although the exact role of this lipid during pregnancy physiology remains elusive, it has been proposed that omega-6 fatty acids can be precursors to endocannabinoids, lipoxins, and omega-6 eicosanoids. Moreover, a higher ratio of omega-6 to omega-3 fatty acids results in an increased production of PGE 2 and PGF 2 α (reviewed by Coletta et al., 2010) . Accordingly, Cheng et al. (2005) found that dietary supplementation of linoleic acid to pregnant ewes resulted in an increased basal production of PGE 2 and PGF 2α by the endometrium. Our results showed a higher uterine content of linoleic acid in LPS-treated pregnant mice, with resveratrol fully preventing this increase. Whether this LPS-driven increment in uterine content of linoleic acid is directly associated with the higher uterine content of N-linoleoyl ethanolamine, N-linoleoyl glycine, PGE 2 or PGF 2α , it remains to be determined.
We are aware of the limitations of our model to study the pathophysiological events triggered by the endotoxin during pregnancy and delivery. Despite these limitations, mainly due to differences in the anatomy and physiology of pregnancy and delivery between mice and humans (with mice having a bicornuate uterus and a larger litter), we believe that mice are still useful to provide information about the mechanisms involved in both term and preterm labor and delivery. Here we provide evidence that the uterine content of lipids is altered in LPS-induced preterm delivery and that resveratrol is able to prevent this effect. Further research is needed in order to fully understand their role during the pathophysiology of pregnancy.
Collectively, our results suggest that resveratrol prevents LPSinduced preterm labor by suppressing the LPS-enhanced expression of pro-inflammatory mediators (iNOS and COX-2) and the production of prostaglandins and endocannabinoids. Since resveratrol is capable of crossing the placenta and accessing the fetal circulation, more research is warranted to establish whether this polyphenol has embryo protective effects in addition to its tocolytic properties.
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